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Objectives: iliac stenoses with a PSV ratio between 2.0 and 3.0 in patients with symptomatic arterial obstructive disease
of the legs might be misinterpreted when compared with intra-arterial pressure measurements (IAPM). The aim of this
study was to compare the value of the PSV ratio with IAPM as the reference standard in the assessment of the
haemodynamic significance of subcritical iliac artery stenoses (iliac stenosis with PSV ratio between 1.5 and 3.5).
Design, patients and methods: fifty-eight iliac tracts in 53 consecutive patients with symptomatic arterial obstructive
disease of the legs with an isolated stenosis with PSV ratio between 1.5 and 3.5 were studied prospectively. The results
of those iliac duplex scanning were compared to IAPM.
Results: a poor agreement was found between IAPM and PSV ratios. For the PSV ratios [2.0, 2.5 and 3.0 the
sensitivities were 74%, 37% and 16%, respectively. The specificities were 70%, 90% and 95%, the positive predictive
values 82%, 88% and 86%, respectively, and the negative predictive values 58%, 43% and 37%, respectively.
Conclusion: the results of this study show that the PSV ratio parameter is not accurate enough to evaluate the
haemodynamic significance of subcritical iliac artery stenoses.
Key Words: PSV ratio; Aortoiliac stenoses; Duplex scanning; Intra-arterial pressure measurement; Subcritical iliac
stenoses.
Introduction which discriminates between iliac lesions of less or
more than 50% diameter reduction, most studies com-
In the investigation of aortoiliac and the femoro- pared the PSV ratio with arteriography as reference
popliteal arteries by means of duplex scanning the standard. However, arteriography provides only mor-
peak systolic velocity (PSV) ratio is the most widely phological information and no functional in-
accepted diagnostic parameter in assessing the grade formation.2–8 Thus, it seems evident that some
of atherosclerotic lesions. It is possible to differentiate borderline haemodynamic significant aortoiliac sten-
between stenoses with less or more than 50% diameter oses will not be detected by angiography. By contrast,
reduction which in turn provides clinically relevant intra-arterial pressure measurement (IAPM), is a more
information to formulate optimal treatment strategy. accurate assessment of the haemodynamic significance
The cut-off point proposed in the literature for the of aortoiliac lesions, particularly when assessing bor-
PSV ratio to differentiate between iliac stenoses with derline aortoiliac lesions.9–11 Previous studies suggest
less or more than 50% diameter reduction varies be- that aortoiliac stenoses with a PSV ratio in the range
tween 1.8 and 3.0.1 of 2.0–3.0 can be misinterpreted when compared with
Most studies included the entire spectrum of lesions, intra-arterial pressure measurements.12–14
ranging from minimal to subtotal stenoses, and include The aim of this study was to compare the value of
symptomatic and asymptomatic iliac disease in the the PSV ratio in the assessment of the haemodynamic
analysis. These issues may bias the results, particularly significance of subcritical iliac stenoses with IAPM as
with regard to the accuracy and clinical value of the the reference standard. Subcritical Iliac stenoses were
PSV ratio around the proposed cut-off point. defined here as stenoses with borderline haemo-
In order to obtain the optimal PSV ratio cut-off point dynamic significance with a PSV ratio between 1.5
and 3.5 (Fig. 1). This range is somewhat larger than
2.0–3.0 and was chosen because it is expected to contain
∗ Please address all correspondence to: D. A. Legemate, Department the entire target population.of Vascular Surgery, G4-111, Academic Medical Center, Meibergdreef
9, 1105 AZ, Amsterdam. This study was designed to study the ability of the
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which could obscure analysis of the pressure-to-ve-
locity relationship, only those sites with an isolated
stenosis on duplex scanning were included.15 The du-
plex scans were performed with 3.5–5.0 MHz B-mode
linear or curved-linear probes incorporating a 3.5 MHz
Doppler probe (Hewlett Packard Sonos 2000, Hewlett
Packard, Andover, MA, U.S.A.). Doppler samples
where taken at the site of the stenosis and at the site
where the lowest pre- or poststenotic PSV value was
measured. If a lesion was located at the origin of
an arterial segment the post-stenotic PSV was taken.
Velocity parameters were measured from the spectral
waveforms in m/s. Duplex scanning was performed
by either of the two experienced vascular technologists.
IAPM were performed in the vascular laboratory
within two weeks after the duplex scanning by the
Ischaemic leg and
treatment indicated
Aortoiliac duplex
scanning
Isolated iliac
lesion
PSV ratio between
1.5 and 3.5, subcritical
lesion
PSV ratio > 3.5,
critical lesion
PSV ratio < 1.5,
minimal lesion
IAPM
junior investigator (SC). These were performed with-
Fig. 1. Flow diagram from ‘‘ischaemic leg’’ to ‘‘subcritical iliac out papaverine and after intra-arterial administration
stenosis’’ and intra-arterial pressure measurement. of 50 mg of papaverine via the common femoral artery.
The pressure measurements were performed sim-
ultaneously in the radial artery and the femoral artery
PSV ratio in the assessment of the haemodynamic in the groin using a catheter (Arrow, 20G), and needle
significance and not the diameter reduction of sub- (Microlance3, 21G) respectively, both connected to a
critical iliac stenoses. For this reason, intra-arterial pressure transducer. The radial artery pressure was
pressure measurement was chosen as reference stand- measured in the arm with the highest systolic blood
ard in this study. pressure. In case cannulation of the radial artery was
unsuccessful, blood pressure was measured indirectly
at the upper arm with a Dinamap Plus pressure mon-
itor (Dinamap Plus Vital Signs Monitor 8720, Johnson
Patients and Methods & Johnson, Tampa, Florida, U.S.A.). An absolute peak
systolic pressure gradient of >20 mmHg at rest and/
Between March 1999 and October 2000 all patients or a decrease in femoral/radial pressure index ((FBI)
suffering from arterial obstructive disease of the lower of [15% after the administration of papaverine was
limbs referred to our vascular laboratory for aortoiliac considered haemodynamically significant. This cut-off
duplex investigation were studied according to a fixed level preserves the mean between several re-
protocol. To judge the presence or absence of arterial commended values in the literature.9,10
insufficiency the ankle-brachial index (ABI) was es- Sensitivity, specificity, positive and negative pre-
timated at rest and after treadmill exercise. The pres- dictive values for the PSV ratios 2.0, 2.5 and 3.0 were
ence of arterial insufficiency was defined as an ABI calculated to judge the diagnostic power for each of
<0.90. In case of an ABI [0.90 at rest, the ABI was the cut-off points.
reassessed after treadmill exercise. Besides aortoiliac
duplex scanning, some patients also had femoro-
popliteal and/or cruropedal duplex scanning. Patients
were included in the study when an isolated iliac Results
lesion with a PSV ratio between 1.5 and 3.5 was found
on duplex scanning. An isolated stenosis in the iliac In the study period of 20 months 554 patients were
referred to our vascular laboratory for aortoiliac du-arteries combined with femoropopliteal and/or cru-
ropedal lesions was not a contraindication to inclusion. plex investigation. Two patients did not consent and
499 patients did not meet the inclusion criterion. Fifty-Patients with aortic stenoses were excluded. The study
was approved by the medical ethical committee and three consecutive patients (44 male, 9 female), with a
median age of 67 (range 38–83) years, and 58 iliacwritten informed consent was obtained from all
patients. segments with an isolated stenosis, were studied pro-
spectively. The median ankle/brachial index of theseTo diminish the effect of serially connected multiple
stenoses on the measurements of the pressure gradient, patients at rest was 0.70 (range 0.26–1.1). Forty-eight
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patients (52 limbs) had intermittent claudication and
five (6 limbs) rest pain. Thirty-three patients (35 limbs)
also had femoropopliteal atherosclerotic lesions, seven
patients (9 limbs) had both femoropopliteal and cru-
ropedal atherosclerotic lesions. Thirteen patients (14
limbs) had neither femoropopliteal nor cruropedal
lesions. Five patients underwent bilateral ex-
aminations. All duplex scannings were completed suc-
cessfully. Median PSV ratio was 2.0 (range 1.5–3.4). In
15 patients radial artery cannulation was unsuccessful.
In those patients brachial blood pressure was meas-
ured with a Dinamap Plus monitor.
According to the pressure measurements, 38
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Fig. 2. Significant and insignificant iliac stenoses according to intra-while 20 (34.5%) stenoses were not. Of the 38
arterial pressure measurements in 3 PSV ratio categories.haemodynamically significant stenoses according to
IAPM, 23 were found to be haemodynamically
significant without papaverine and 15 after the
administration of papaverine. Of the 15 haemo-
dynamically significant stenoses after the ad-
ministration of papaverine 7 stenoses had a PSV
ratio between 1.5 and 1.9, 7 stenoses had a PSV
ratio between 2.0 and 2.9 and 1 stenosis a PSV ratio
between 3.0 and 3.5. To evaluate the results, the
PSV ratio between 1.5 and 3.5 was subdivided into
3 categories: 1.5–1.9, 2.0–2.9 and 3.0–3.5. The results
are shown in Figure 2. Seventy-nine per cent (27/
34) of the 34 stenoses with PSV ratio between 2.0
and 3.5 were haemodynamically significant according
to the IAPM. The remainder (7/34) was mis-
interpreted by duplex scanning. Forty-two percent
(10/24) of the stenoses with PSV ratio between
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Fig. 3. Results of intra-arterially measured pressure gradient at restsignificant. Figure 3 shows a scatterplot of the compared with PSV ratio at the site of the stenosis. Overall results
PSV ratio vs the systolic pressure gradient before of 58 iliac stenoses. (Ε haemodynamically significant, Φ haemo-
dynamically insignificant).vasodilatation and Figure 4 the PSV ratio vs the
femoral/radial pressure index (FBI) after vaso-
Discussiondilatation. The reference lines represent the IAPM
cut-off values at rest and after vasodilatation. No
Patients who required lower limb revascularization toclear correlation is seen between the PSV ratio
correct ischaemic symptoms often are found to haveand the pressure measurements. In Figure 3, the
occlusive disease in both the aortoiliac and femoro-significant results below the reference line were found
popliteal arterial segments.4 In these patients, un-significant after the administration of papaverine. In
reliable knowledge of the iliac haemodynamicFigure 4, those below the reference line were already
significance may lead to misclassification of stenosessignificant at rest. Table 1 shows the results of the
and incorrect management.16,17 Although duplex scan-true positive, true negative, false positive and false
ning is highly accurate in the discrimination betweennegative for the PSV ratios 2.0, 2.5 and 3.5. A
severe (PSV ratio >3.5) and minimal (PSV ratio <1.5)considerable number of false negative results are
iliac stenoses, this study shows that the PSV ratioobserved. The results of the comparison between
parameter is not accurate enough to differentiate be-the 3 PSV ratio cut-off points and intra-arterial blood
tween haemodynamically significant and insignificantpressure measurements are shown in Table 2. Both
iliac artery stenoses with PSV ratios between 1.5 andthe sensitivity and the negative predictive value are
3.5.less satisfactory for the cut-off levels due to the high
number of false negative results. Our results are less comparable with others since
Eur J Vasc Endovasc Surg Vol 22, November 2001
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subcritical stenoses can only be assessed during in-
creased blood flow after the administration of pa-
paverine, and not by pressure measurements at rest
or by duplex scanning using the PSV ratio criterion.
From a theoretical point of view it has been shown
that the PSV ratio is not a flow-related parameter and
provides only information directly related to changes
in the cross-sectional area of the lumen.18–21 Since mod-
erate iliac stenoses may only be of haemodynamic
significance under circumstances of increased flow, it
would be beneficial to use a criterion which is not
only related to the change in cross-sectional area, but
also to the amount of flow. Hence to improve the
assessment of the haemodynamic significance of iliac
stenoses some authors have postulated to use para-
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meters which are not only related to morphological
Fig. 4. Results of the intra-arterially measured pressure gradient changes but also to changes in flow.19,22
after administration of papaverine compared with the PSV ratio
Some additional explanations for the discrepancyat the site of the stenosis. Overall results 58 iliac stenoses. (Ε
haemodynamically significant,Φ haemodynamically insignificant). between duplex scanning and pressure measurement
and potential limitations of this study should be men-
tioned. Due to technical aspects of duplex scanningTable 1. Overall diagnostic accuracy of PSV ratio in 58 iliac
and the haemodynamics of blood flow, duplex scan-segments according to pressure measurements. True positive (TP),
true negative (TN), false positive (FP) and false negative (FN) for ning may show considerable errors in velocity meas-
PSV ratio 2.0, 2.5 and 3.0. urements.23,24 This is also reflected in the moderate
observer agreement of the assessment of iliac stenosesPSV TP TN FP FN Diagnostic
ratio accuracy (%) with duplex scanning as found in a previous study.25
In this study, the number of false negatives are prob-[2.0 28 14 6 10 73
ably an illustration of the failure of the PSV ratio to[2.5 14 18 2 24 55
[3.0 6 19 1 32 43 differentiate between haemodynamically significant
and insignificant iliac lesions.
Although difficult to prove, it is debatable whether
IAPM is always the best standard reference for themost studies have included the entire spectrum of iliac
assessment of the haemodynamic significance of thestenoses, ranging from minimal to subtotal stenoses.1
aortoiliac tract. Intra-arterial pressure measurementsThe disadvantage of including the entire spectrum of
may be adversely affected by kinetic energy of bloodstenoses in the analysis is that this might yield a cut-
flow on the catheter. Air trapping, length of tubingoff level for the PSV ratio that has good sensitivity
system and the pressure transducer itself are potentialand specificity, but not accurate enough to assess the
sources of error in the measurement of intra-arterialhaemodynamic significance of borderline iliac sten-
blood pressure.oses. From Figure 2 it becomes clear that the PSV
This study did not address the relation betweenratio is not accurate enough to differentiate between
IAPM, the choice of treatment and the final clinicalsignificant and insignificant iliac stenoses with PSV
outcome, which may put the value of duplex scanningratio in the range of 1.5 and 3.5, in particular those
and pressure measurement for subcritical iliac stenosesbetween 1.5 and 1.9. Another conclusion from this
study is that the haemodynamic significance of some in a better perspective. The results of this study may
Table 2. Sensitivity (Sens), specificity (Spec), positive predictive value (PPV)
and negative predictive value (NPV) for PSV ratio cut-off points of 2.0, 2.5 and
3.0, including 95% confidence intervals. Overall results of 58 iliac stenoses.
PSV Sens Spec PPV NPV
ratio % % % %
[2.0 74 (0.70–0.87) 70 (0.46–0.88) 82 (0.66–0.93) 58 (0.37–0.78)
[2.5 37 (0.22–0.54) 90 (0.68–0.99) 88 (0.62–0.98) 43 (0.28–0.59)
[3.0 16 (0.06–0.31) 95 (0.75–1.00) 86 (0.42–1.00) 37 (0.24–0.52)
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